We sought to explore perceived strengths and weaknesses of surveillance systems for the detection of drinking-water-related illness in Europe based on the experience of individuals utilising such systems. We designed and conducted a qualitative semi-structured interview study with thematic analysis. Interviews took place in six European countries with seven experts in epidemiology, water and public health. Interviewees remarked upon variation between and within countries in laboratory and sampling protocols and reporting practice; these were felt to influence timeliness and sensitivity of laboratory-and clinician-report-based surveillance.
INTRODUCTION
Drinking water has been implicated as the key mode of transmission in various outbreaks of gastrointestinal disease throughout Europe. Causative enteropathogens have included Campylobacter (Hanninen et al. 2003) ,
Cryptosporidium (Guyonnet & Claudet 2002) , Escherichia coli O157 (Dev et al. 1991) , Giardia (Gornik et al. 2000) , norovirus (Kukkula et al. 1999) and Shigella (Samonis et al. 1994) . The early detection of outbreaks of infectious intestinal waterborne disease can reduce morbidity and mortality provided that appropriate steps are taken to identify and control the source. Identification of cases and early detection of outbreaks requires effective surveillance systems.
An array of data sources are used for the surveillance of waterborne disease, including vital records registration, passive and active morbidity reporting, epidemic or outbreak reporting, laboratory-, clinic-and hospital-based surveillance systems, sentinel surveillance systems, drugutilisation data, and media and news broadcasting reports (Chorba 2001) . In addition to this, consumer complaints about water quality and poor water quality results can alert authorities to an existing or ensuing waterborne outbreak doi: 10.2166/wh.2007.135 (Andersson & Bohan 2001) . Such data may be assembled at a number of administrative or functional levels. WHO O157, exist at the regional/international level.
Surveillance for waterborne disease may draw upon a mixture of data sources at different functional levels.
According to the Centers for Disease Control (2001) , the credibility of a surveillance system can be assessed on its performance on a number of attributes: simplicity, flexibility, data quality, acceptability, sensitivity, predictive value positive, representativeness, timeliness and stability. The diverse strategies employed by national systems lead to variation in performance on each of these attributes. There is, therefore, a need to examine these strategies in order to gauge their effectiveness and to inform data on waterborne disease incidence.
In this paper we review existing strategies for waterborne disease surveillance in selected European countries in terms of reported strengths, weaknesses and potential improvements. To inform this paper, information was gathered through direct consultation with experts in epidemiology, water and infectious disease in six European member states. The interviews acted as a scoping exercise to gain insight into the practical experience of individual's utilising surveillance systems. Recounted experiences are supported by information from the literature and respective national institutes. This paper forms an expansion to the work found in Risebro et al. (2006) .
As the adopted interview style was flexible in nature, throughout the interview a number of sub-questions were also posed to gain clarification and/or to seek additional information on unanticipated responses.
Interviews lasted approximately one hour and were conducted in the English language by one interviewer. All interviews were conducted on a one-to-one basis, with the exception of the interview in France during which two respondents were present.
In order to prevent distraction during the interview, permission was sought from interviewees to record interviews.
Interviews were recorded using a digital voice recorder.
Following the interview, interviews were downloaded and transcribed verbatim by the interviewer in order to improve accuracy and gain familiarity with the data (Pole & Lampard 2002) . A transcript was sent to interviewees for comment.
Interview transcripts were analysed using QSR NVivo 2.0, a computer software package. NVivo can be used to facilitate qualitative data analysis; it enables the analyst to highlight common concepts or nodes (herein referred to as 'codes') in transcripts and to 'look-up' these codes both within and across transcripts. All data were analysed line by line. The transcripts were segmented according to a priori (strengths, weaknesses, improvements, laboratory reporting, clinician reporting, statutory reporting, pharmaceutical data, syndromic surveillance, water quality) and inductive codes. To increase plausibility, a reflexivity check was carried out whereby interpretation of interview content was verified by interviewees.
RESULTS AND DISCUSSION
Approximately seven hours of interview yielded over 33,000 words of transcript. A total of 28 codes emerged from coding the transcripts. In Table 1 the codes have been grouped according to four core themes: laboratory-and clinicianbased reporting, syndromic surveillance, water quality and communication. The codes are listed in rank order according to the number of highlighted passages attributed to each code. A highlighted passage is not exclusive to one code; multiple codes may be attributed to a passage. The codes 'statutory (combined methods)' and 'syndromic (combined methods)' overlap substantially with other codes within their respective themes. The codes grouped under 'multi-themed' in Table 2 overlap across themes.
The following results describe the requested strengths, weaknesses and improvements in terms of the themes emerging from the coding exercise. Individual comments and quotes from the consultative exercise are interspersed with narrative in context throughout the section. As a further means of triangulation, information derived from literature sources is interspersed with narrative and quotes to endorse participant observations. Quotes are distinguishable by annotation of the country with which the interviewee is associated.
LABORATORY AND CLINICIAN-BASED REPORTING
To review the burden and incidence of communicable disease, many national institutes will look at disease patterns based upon laboratory-confirmed or clinicianbased diagnoses submitted to the institute via a reporting system. This method of surveillance was commented upon by interviewees the most often. Interviewees highlighted and discussed factors bearing influence upon both clinicianand laboratory-based reporting. The following subsections describe these factors in more detail.
Case detection
One of the first steps in the reporting pyramid is medical consultation (Wheeler et al. 1999; O'Brien & Halder 2007) . In the majority of cases, waterborne enteropathogens will cause mild self-limiting illness which does not require a consultation. It was suggested that differences in patients' attitudes towards illness and consultation exist both within and between countries. Healthcare utilisation was also noted to be affected by accessibility and language barriers.
Following a consultation, the protocols for requesting and analysing samples will further influence the sensitivity of a report-based surveillance system. A healthcare professional may be reluctant to request a sample because of the expense of laboratory analysis. It was suggested that the cost of laboratory-confirmed diagnosis should be removed from the clinician's budget so that investigation remains unrestricted.
"…everyone is trying to cut down costs nowadays, so that they (the clinician) are trying not to take so many samples" Sweden "The results of the stool culture hardly ever change the treatment; they just will not do it because of the cost to the patient" France (1)
Where results of laboratory analysis are unlikely to affect treatment, prescribing medication was noted to be a cheaper alternative to offering laboratory-confirmed diagnosis.
"…it is definitely more likely that they (the clinician) will prescribe something like that than they would ask for a stool sample." Germany
Researchers have implied that savings can be made when sample requests are restricted (Morris et al. 1996; Rohner et al. 1997; Crook et al. 2002) . Restricting sampling and analysis to selected cases (such as the immunocompromised, newborns or repeat-visit cases), where diagnosis is important and/or where diagnosis can affect the treatment regime, was an approach reported by interviewees.
Yet it was also recognised that the sampling protocol should adapt in consideration of community levels of infectious disease.
"At the first visit you will not get a stool culture, they (the clinician) will only use stool culture if the diarrhoea persists, unless if it's a newborn and then the delay is shorter." France (1)
"I think I would like the GP to be more aware, to see outbreaks, I mean to see the community and not just the
patients." Sweden
What the laboratories look for and how they look for it will depend, to a great extent, on available equipment, expertise, case-specific characteristics and finance. As a result, not all laboratories will analyse samples for the same pathogens or use the same method, which makes comparing results between laboratories difficult. Laboratories may be more inclined to perform analysis for certain pathogens when they believe them to be more prevalent in the community.
"There is still a wide range of tests which makes it difficult to compare information from one laboratory to another." Netherlands "…one of the things that can influence their decision to test for a pathogen or not is also the season … ." "I also think it's a problem that when they (the clinician) have cases they always start to look for the bacteria and not for the parasites and the viruses."
Netherlands

Sweden
It has been noted in the literature that performing strain typing can help epidemiological investigations by linking cases to a common source with greater accuracy (Beller et al. 1997; Kukkula et al. 1999) . Interviewees noted that a lack of typing and sub-typing hindered the detection of small outbreaks from a national perspective.
"…The problem is that we don't have any subtyping, it's just a mass of Campylobacter, 2500 a year -so it's more difficult to find a small waterborne outbreak."
In Finland, a large proportion of confirmed cases for 25 pathogens (not all of which are waterborne) have microbial strain data available.
"The typing, subtyping, phage typing, and the epidemiologic susceptibility patterns, are done (at KTL). So this overall system helps us with geographically widely distributed outbreaks which are quite commonly recognised (at KTL)." Finland However, performing typing for some pathogens was considered costly and not always necessary and, whilst some new molecular methods have improved diagnostic accuracy, they can also prove to be expensive.
"…they are not interested in knowing the serotype ( for Salmonella) and it's costly to send an isolate … " France (1)
"…there are also identification problems in the laboratory with conventional methods failing to identify a large percentage of the infections because the methods aren't sensitive enough. This is an issue of cost as much as anything else, because it is currently costly to use the full set of molecular methods." UK Documentaion on diversities in sampling and analysis protocols needs to accompany local and national surveillance statistics in order for them to prove informative.
Reporting practice
Following laboratory or clinical confirmation, the diagnosis can be relayed to the relevant authority. The functional level (whether a local, regional or national body) of the "relevant authority" and the disease notified under statutory and voluntary obligation will vary by country. These diverse aspects and methods of reporting practice were discussed by interviewees and are further explained in the following subsections. 
Statutory nature of reporting
Reminders to report
In Sweden, following laboratory-confirmed diagnosis the laboratory may send a reminder to the clinician that the case is mandatory to report. A similar scheme was reported to exist in the Netherlands; laboratories can have an agreement with the clinician to report notifiable diseases in their place; subsequently the physician may be contacted for further information. Where complementary reporting has been adopted, it has been recognised as an effective approach.
"…but the regions that do this, they have good collaboration between the laboratory and the physicians and it works very well." Netherlands When a statutorily notifiable pathogen is identified in Finland, the laboratory sends a reminder to the clinician to report this finding as a matter of routine.
"And we considered this a great need because notifica-tion…is a rare event in their everyday work so the reminder would be quite a prerequisite to any reasonable level of notification." Finland
Coverage, electronic reporting and functional levels
As surveillance of entire populations can be expensive, networks of sentinel healthcare providers may report upon health events in order to make inferences about morbidity at the population level (Chorba 2001 "…a weakness is that our surveillance system is based on so many private laboratories and that we don't have many public health laboratories. …For Crypto and Giardia, the few laboratories who will look for it will find it very hard to detect any outbreaks if the GPs don't notice an increase in cases." France (1)
The time limit for relaying information can be regimented for pathogens and diseases for which there is a statutory Receipt of reports at the national level at the same time as the regional level was noted to improve the timeliness of surveillance. A further strength was the completeness and content of the available information.
"I think the strength of the notification system is that, since we use an internet-based reporting system, at the national level we identify the report as soon as it enters the regional office. So even if the report is not complete, even if the regional office is finding out new facts about the report, about the notification, we can still view it in the national database which will allow us to identify clusters much sooner. And, in general, the introduction of this internet system increased our detection speed by 8
days." Netherlands
In the Netherlands, the volume and speed of reporting meningococcal disease, whooping cough and hepatitis A has been demonstrated to improve when the local public health authorities were notified by laboratories as opposed to clinicians (Rietveld et al. 2005) . However, although laboratories can rapidly relay confirmed diagnoses, further background information about the patient is often required from the clinician.
Case demographics
Interviewees noted that detecting an outbreak or an association between drinking water and infectious disease can be extremely difficult, especially in the instance of The importance of collecting detailed demographic patient information was emphasised by some interviewees.
"I think the system would benefit from more detailed information from the laboratory about the background of the patient…I think it is an intrinsic weakness because the laboratory does not get this information from the clinicians at all … " Netherlands "(If we could) get all the details that we ought to be collecting including the postcode -which I think is very important in terms of technical analysis afterwards -then I think we'd be much better served and much better able to tackle the issues of outbreak detection." UK "The other thing that would be useful would be an ability to access GP data on a national basis in a way which wasn't breaching confidentiality. Where the data was collected electronically and included the pathogen results … " UK
Receiving the current and permanent address of a patient with the report was said to be more meaningful than receiving the address of the laboratory or the attending clinician. In Germany, it was reported that a patient can visit any clinician which can disperse cases and thus inhibit outbreak detection.
"This means that one GP does not have a picture of the situation around (their) general practice." Germany A similar problem was noted in Sweden.
"If it (an outbreak) is in a big city, people will go to different GPs and they (the GPs) won't realise that it might be a problem…I think this is the real weak point -to really know that something is going on."
Sweden
In England a case will typically visit a clinician which has been assigned to them. Nevertheless, particularly from the national perspective, the address or travel history of the case is still useful for linking sporadic cases of illness and detecting outbreaks.
"The Torbay Cryptosporidium outbreak in 1995 was a local outbreak but there were cases all across the country because it was a holiday resort. So there are things like that that you can see nationally but that you wouldn't see locally." UK "I think we're quite good at picking up outbreaks but we're relatively poor at doing endemic or sporadic illness … " UK "What we can't see is these sort of sporadic cases that actually are linked but pop up in different parts of Sweden … you will not see it as an outbreak on the spot, but we might see it later in the reporting system." Sweden However, specific laws exist to prohibit the linkage of multiple databases at the national level and it was recognised that assembling too much information may infringe upon the privacy of an individual. "When the GP calls (in an outbreak situation) s/he has seen the patient already and it's often difficult to get the background information on who s/he has seen…the information is then hard to get." France (1)
The effectiveness of conventional surveillance can be affected by the speed of information sharing and by the collation of demographic and environmental data but these are issues which also affect syndromic surveillance.
SYNDROMIC SURVEILLANCE
It is apparent that not all of the active communicable disease of general practitioners report communicable disease via the web as part of a sentinel network called Sentiweb (Boussard et al. 1996) . Among other diseases, cases of acute diarrhoea are reported to Sentiweb weekly.
In Germany, after two days' absence from work, an individual must retrieve a sick note from the doctor. The reason for absence is reported by the doctor to the health insurer; this data was highlighted as a potentially useful surveillance tool.
"So they have good information, they have good data, and we tried to use it." Germany Data on hospital admissions for gastrointestinal symptoms could be used for retrospective surveillance purposes.
However, data collected for use by insurance providers may not always prove informative.
"This (hospital episode data) is not designed for epidemiology at all so the coding is done according to the condition that has required most costs for the patient." France (1) Although not addressed by interviewees, monitoring emergency department (ED) visits has been adopted elsewhere; using ED visits to monitor symptoms (including diarrhoea and vomiting) for rapid outbreak detection has been investigated in New York (Heffernan et al. 2004b ) and ambulatory care syndromic surveillance has been set up in Minnesota to monitor influenza-like illness in response to the threat of bioterrorism (Miller et al. 2004) . Data collected electronically from emergency services could prove a timely, low-cost surveillance tool in Europe.
Telephone helplines
Interviewees discussed the potential for monitoring telephone helplines such as NHS Direct (a UK health advice service) as a method of surveillance.
"So it might give you some feel for the disease burden, The use of telephone helpline data has become of increasing significance since the heightened threat of bioterrorism and further research into using NHS Direct as an early warning system has been adopted with this in mind (Rodman et al. 1998) . The authors concluded that this data resource may prove an inexpensive and timely method of surveillance.
Anti-diarrhoeal drugs surveillance
Over recent years, monitoring of anti-diarrhoeal drugs data (Sacks et al. 1986; Beaudeau et al. 1999; Edge et al. 2004 ) has emerged as a means of conducting syndromic surveillance.
The number of anti-diarrhoeal drugs either sold over-thecounter from the pharmacy or prescribed by clinicians can be monitored; a rise in sales or prescriptions being indicative of an outbreak. The usefulness and practicalities of using these data were discussed.
"It definitely has an added value… I think to generate hypotheses, which is generally the purpose of surveillance, I think it is excellent." Netherlands Data is also available for water quality incidents including fire brigade exercises which can lead to pressure loss. It is hoped that these data will be integrated and this method of surveillance will be adopted permanently across the whole of France. It was recounted that cases may be more likely to consult for diarrhoeal illness and to obtain a prescription in France than in other countries, which makes pharmaceuticals surveillance a more sensitive tool.
"I think when you go and consult a doctor in France for diarrhoea, I think that the large, large majority will come out with a prescription." France (1) "…oral rehydration salts are reimbursed, before they were over the counter and very expensive and so they were not prescribed, but luckily now they are reimbursed so they are also on prescription." France (1)
The effectiveness of prescriptions surveillance very much depends upon the infrastructure of the existing healthcare system. Differences between countries in the method of reimbursement and data collection mean that pharmaceutical prescription surveillance may not be feasible in some countries.
"In Finland, because of this unique identifier, it would be in principal quite possible but the most inexpensive drugs which go below a certain threshold -which I now think is 10 euro or 15 euro of own expense -are not registered in the electronic reimbursement systems. So it remains local information in such a format that it would be more complicated to try and get it." Finland
In England, although low income groups have prescription costs reimbursed, the remainder will prefer to purchase over-the-counter anti-diarrhoeal agents as it is often cheaper than the fixed prescription cost. The merits of using over-thecounter sales as a means of surveillance were discussed.
"I think that nobody has such drugs at home waiting for the case, so it is something which you buy in an acute case and this makes the method quite sensitive."
Germany
Experience from previous outbreaks of waterborne disease demonstrates that this method of surveillance could prove informative.
"A waterborne outbreak can be detected in a lot of different ways. I think the most unusual way was in a ski resort in Sweden where the person at the pharmacy… said "there is something wrong in this area because this is the end of February and I have sold more anti-diarrhoeal drugs than I normally sell in the whole year"." Sweden
One interviewee also noted the potential for using distribution data from pharmaceutical companies.
"…the pharmacologic industry has very good data on what they sell where." Germany However, it is worth noting that volume of over-thecounter sales can be affected by a number of factors. Where retail pharmacy sales surveillance has been set up in New York, season, holidays, day of the week, promotional sales, positive influenza tests and temperature are controlled for (Heffernan et al. 2004a) .
Absenteeism
In Germany, health insurance data was noted by the interviewee as a possible means of collecting information 
WATER QUALITY AND CONSUMER COMPLAINTS
Clinical, laboratory and pharmaceutical surveillance can involve significant time delay as they ensue the emergence of cases in the community. In contrast, water quality results, water quality incidents and consumer complaints about the water supply provide timely and somewhat prospective information which is not reliant upon patient attendance and pharmaceutical prescribing and purchasing behaviour.
Water quality incidents
Notification to appropriate public health officials of water quality incidents, such as poor water quality results, pipeline maintenance and treatment deficiencies, can prompt enhanced surveillance for illness in the community. The analysis of routine or periodic final water samples may find water unfit for human consumption leading to the adoption of suitable control measures to limit or prevent cases of illness.
"If there are bad water quality results from a local drinking water producer, those would be informed locally to the local CCDC and the public health team and they would then take action if it was required. outbreak. However, one interviewee noted that it is rare to be notified of any pipeline repair; such repairs may have led to cases of illness in the community.
"…it may be occasional, but most of the time we will never see this problem when there have been reparation on the pipelines-and you might get sick people." Sweden
Consumer complaints
Interviewees noted that consumer complaints about the colour, taste or odour of drinking water can help to identify outbreaks and facilitate epidemiological investigations.
Interviewees expressed a need for information of this kind to be shared more readily.
"… if we had this information we would have a better idea of where the problems really are." Germany "In every outbreak we notice that there are complaints very specific to faecal problems. We get complaints that water smells, peaks of turbidity, but not the same complaints. And we hope that the mayor will report this kind of problem because it's a more reactive signal.
We can prevent the epidemic if we can act very soon."
France (2) "…in many of these outbreaks in fact there were other complaints which had preceded these cases like bad smells and complaints to the mayor and the mayor often considers that these complaints are not important."
France (1) "There is a national service number which can be called by anyone in the public, or even a medical professional, (Pebody et al. 1999) . Given our increased population mobility, this stream of travel information and international collaboration may prove ever more significant in the future.
In order to establish a link with the true source of contamination, knowledge about an individual may need to be compiled from multiple data sources. The unique national identification code available in Finland was recognised as a useful tool for assembling data from different sources.
"So the unique personal identifier is the key to be easily able to assemble all the information from different sources." Finland Geographic Information Systems (GIS) combine relational databases with spatial interpretation allowing users to analyse, manipulate and manage geographic data. Examples of the application of GIS to surveillance have been demonstrated in Europe (Boulos 2004; Rolfhamre et al. 2004) . A wish to integrate GIS into the surveillance system was noted by an interviewee.
"And of course as we are working very much with GIS, I would very much appreciate if GIS, a system to make information more transparent, would be integrated into the surveillance as a whole." Germany
As mentioned previously, when compiling data from different sources and at small geographical or individual case level, it was remarked by interviewees that prevailing laws on data protection should be fully acknowledged and abided by.
Collaboration with local staff
Communication between national institutes and local staff was also identified as an essential part of effective surveillance practice.
"And this interaction actually is the basis for our surveillance system, because without their (the labora- for consultation and advice. Other national institutes or larger, regional offices also offer this service.
"Here, the arrangements are so that the proper authority… is the primary health care centre. Which in a way is a problem because many of them are small units and don't have enough expertise so need quite a lot of consultation and support." Finland "…KTL … are in a consultative position and advise quite a lot in outbreaks … because we get the information very quickly … " Finland
As local experience is variable, it was recognised that standardised guidelines and an appropriate advisory body should be available and transparent to local staff.
"…this is one of the… weaknesses of our system…
There is a huge amount of informal contact." Germany "The local investigations are really very much down to how well the local public health team operates and that is variable … We're trying to produce protocols for doing that, and hopefully, within the next year or two, we should have a degree of better co-ordination..." UK Provision of feedback was highlighted by interviewees as a further means of promoting communication, exchanging information and expanding networks. For example, in the Netherlands national data collected from ISIS is updated daily and is available via the internet to the general public in aggregated format; specific surveillance reports are provided on confidential internet pages and alerts are sent via e-mail to specified recipients. Pollock (2003, p 20) suggests that feedback of surveillance data to information providers is necessary for motivational purposes. Interviewees also considered feedback to be an important component of the surveillance system which acted as a reporting incentive to healthcare professionals.
"I think it would be motivation for the doctors to do more for the system, if they would receive information …in filtered form, on what is going on in their area."
Germany "The communication is very unidirectional and it should be more bidirectional." Germany Although interviewees did not address feedback to external information providers, feedback could similarly encourage reporting and facilitate co-operation between organisations.
CONCLUSIONS
In this study interviewees highlighted some of the strengths and weaknesses of national surveillance systems which may impact upon the effectiveness of outbreak detection and the representativeness of national surveillance data.
Interviewees also suggested a number of improvements and potential avenues for further research.
Increased use of advancing technological processes has enabled more astute surveillance. Where operational, electronic reporting, reminders from the laboratory to the healthcare professional to report notifiable findings and direct relay of notifications to the national functional level, were highlighted as strengths of report-based surveillance.
These methods were noted to improve data quality, timeliness, simplicity and acceptability -some of the desirable attributes of a credible surveillance system (CDC 2001) .
Laboratory sampling and analysis were noted to vary both between and within countries with interviewees noting infrequent parasitological analysis in particular. Variation in statutory reporting practice and population coverage for certain enteropathogens was also noted between countries;
likely because not all countries list each waterborne enteropathogen as a "priority" disease for surveillance.
Such variation was said to adversely affect the timeliness and representativeness of waterborne enteropathogen surveillance. Furthermore, some interviewees felt that supplementing laboratory results with additional information on the background of the patient would be beneficial for the investigation of waterborne disease, especially for linking sporadic cases of illness.
For countries with supporting infrastructure, there is potential for use of data from records of absenteeism, health insurance, telephone helplines, zero reporting and antidiarrhoeal drug presecriptions and sales for local, costeffective and timely syndromic surveillance.
Close and frequent communication within the healthcare sector was thought to aid the surveillance of waterborne disease and facilitate outbreak detection. It was suggested that national institutes providing feedback to reporters would encourage bi-directional information flow and reporting.
Adequate and accessible advice provided by national institutes in an approachable manner was deemed beneficial in the investigation of outbreaks, particularly where local staff lacked relevant experience. Relaying information about poor water quality results, water quality incidents and complaints from consumers to relevant public health officials was highlighted as an important component of surveillance.
Establishing and maintaining links with organisations outside of the water industry and healthcare sector was also noted to be of value. Integrating information from a number of sources is likely to produce the most accurate depiction of waterborne disease incidence and improve outbreak detection.
This exercise sought to explore experience of waterborne disease surveillance across Europe. Practical experiences vary by discipline and functional level; however,
